Summary &horbar; The effect of a glutamine force-feeding on plasma amino-acid levels in rats fed either a reference diet or a cafeteria diet was studied during weaning. The increases in plasma aminoacid levels shown by rats eating the cafeteria diet were related to the force-feeding and/or the age studied. The glutamine solution decreased the levels of proline, ornithine and tyrosine in the plasma of rats eating the cafeteria diet. In rats fed the reference diet, glutamine solution increased the plasma concentrations of threonine and cysteine. A major effect of diet over force-feeding was shown.
INTRODUCTION
The cafeteria diets were introduced as a way to generate an animal model of obesity that is closer than genetic obesity to the situation in humans consuming highly palatable choice diets (Sclafani and Springer, 1976) . Cafeteria diets may differ somewhat in composition, but it has been shown that despite of a highly variable selection of food, the nutrient composition of the diet ingested is fairly constant (Prats et al, 1989) . The diets actually selected by the rats have a common high lipid content (Naim et al, 1985) , with relatively unchanged, and proportionally lower, protein and carbohydrate contents (Prats et al, 1989) . Constant exposure to these diets from birth results in high growth rates (Salvad6 et al, 1986) , with high increases in energy intake (Prats etal, 1989) and increased thermogenesis (Rothwell and Stock, 1982) . A cafeteria diet increased the retention of dietary nitrogen (Barr and McCracken, 1984) and lowered urinary nitrogen losses (Barber et al, 1985) ; nitrogen accretion in the body was the highest for the younger animals (Esteve et al, 1992 ).
The amino-acid composition of the diet ingested by reference and cafeteria diet-fed rats has been analyzed: a cafeteria diet results in a higher proportion of amino acids extracted from the diet, although this diet had a very similar amino-acid composition to that of the standard reference diet . The individual amino acids best absorbed by young Wistar rats fed a cafeteria diet were Ala, Ser, Hyp, Tyr, Thr and Lys .
Glutamine is now classified as a conditionally essential amino acid (Smith, 1990) indicating that a dietary source is required under metabolic stress (Meijer et al. 1993) or certain pathologic conditions (Mobrahan, 1992) , especially those concerning the intestinal tract (Souba, 1993 (Salvad6 and Arola, 1992a; Salvad6 and Arola, 1993 (Dixon et al, 1983) . The 3-way ANOVA implies the factors: diet, age and force-feeding. When there were no significant interactions between the 3 factors, the results obtained from this analysis were considered; otherwise, 2-way ANOVAs were carried out. All data are expressed as mean ± SEM. In all analyses, differences were considered significant at P < 0.05.
RESULTS
The final body weight was significantly lower in glutamine than saline force-fed rats; it was also lower in the reference-diet-fed than in cafeteria-diet-fed rats. On d 30, body weights were 76.50 g for saline-reference, 56.60 g for glutamine-reference, 82.67 g for saline-cafeteria and 65.38 g for glutaminecafeteria. Plasma concentrations of alanine, leucine + isoleucine and tryptophan of cafeteria-diet-fed rats changed with age when they were force-fed with glutamine but not when the force-feeding was with the saline solution. Conversely, the variations with age of hydroxyproline and arginine levels seen in the plasma of saline force-fed rats, disappeared when glutamine solution was administered. The developmental patterns showed by serine, threonine, histidine, citrulline and valine also depended on the forcefeeding supplied in rats eating the cafeteria diet. However, the changes shown with age by glycine, proline, ornithine, cysteine, taurine and tyrosine were independent of force-feeding in the 2 diets supplied, as were the serine, threonine, hydroxyproline, arginine, citrulline, valine, leucine + isoleucine and tryptophan concentrations in the plasma of animals fed the reference diet.
Asparagine + aspartate and histidine changed with age depending on force-feeding in rats fed the reference diet. Glutamine + glutamate and lysine showed a developmental patterns similar for the several diets and solutions supplied.
DISCUSSION
In a previous report (Salvad6 and Arola, 1992b) it could be demonstrated that glutamine force-feeding enhanced urea production and liver adenylate deaminase activity and inhibited liver glutamine synthetase and serine dehydratase activities in chowfed pups. Minor effects of glutamine forcefeeding were shown in the already modified activities of nitrogen metabolism enzymes in the livers of cafeteria-fed rats (Salvad6 and Arola, 1992b) .
The amino-acid percentage composition of the diet selected by cafeteria rats was practically identical to that of the reference diet . However, cafeteria-diet-fed rats had a higher dietary protein digestion/absorption efficiency than reference-diet-fed animals . This is probably due to changes induced by diet in the intestinal amino-acid transport systems, and is in agreement with the modulation of intestinal amino-acid transport by energy availability (Karasov et al, 1987) and physiological conditions (Israel et al, 1968; Schedl, 1974) . Further, the lower proportion of protein (not amount) in the cafeteria diet could explain the higher intestinal absorption of protein amino acids .
In general, the changes in plasma aminoacid concentrations caused by glutamine force-feeding are different when rats are eating cafeteria diet or reference diet. In rats eating the cafeteria diet, the decreases are shown in some plasma amino acids, and in rats eating the reference diet increases are shown in other amino acids. This could be explained because nutrient delivery has been shown to influence glutamine transport activity in the gut mucosa (Souba, 1993) . On the other hand, the increased quantities of circulating ketone bodies in cafeteria-fed pups (Salvad6 and Arola, 1992b) may have a suppressive effect on the oxidation of glutamine in the intestine (Nagy and Kretchmer, 1988) .
A dose-related increase in human serum concentrations was reported for glutamine as well as for alanine, citrulline, and arginine (which are considered as the end products of glutamine metabolism) after oral glutamine administration (Ziegler et al, 1990) . The results obtained in the present study disagree with this, the only agreement being the higher levels of citrulline at 20 d in cafeteria-diet-fed rats. Conversely, prolineanother end product of intestinal glutamine metabolism -is decreased by glutamine force-feeding in cafeteria-diet-fed pups. Further, alanine and arginine are lower at d 14 4 in the same rats. The decreased concentrations shown by some amino acids only at 14 d could be related to the fact that rat pups begin to nibble solid food at d 14 4 (Babicky et al, 1973) . However a posterior adaptation to glutamine force-feeding is shown on the following studied days. It is also conceivable that the provision of glutamine to the intestine by the oral route may decrease the uptake of glutamine from the circulation (Moundras etal, 1993,) . A lowered sulphur intake has been described in rats fed the cafeteria diet . However, we have found higher plasma cysteine levels in cafeteria-fed rats and a similar effect is caused by glutamine supply. In the latter, the results could be related with the described high cysteine levels related to decreased body weight (Hoffer, 1990 ), but we have no explanation for the results of cafeteria-fed rats when saline solution is added. Threonine is one of the amino acids that is more absorbed in the cafeteria-diet-fed than in reference-dietfed rats . Addition of excess threonine to the diet is reflected in elevated plasma levels (Patten, 1988) . Thus, the increased availability of threonine observed in rats fed the cafeteria diet is the result of an increased dietary intake. The higher threonine levels in rats force-fed glutamine is the result of the sustained depression of liver serine (threonine) dehydratase activity seen in pups force-fed this glutamine solution (Salvad6 and Arola, 1992b) and is in agreement with the non-concentrative transport of threonine to liver cells (Fafournoux et al, 1990 ). Many changes with age are due to a peak on d 20, this day being considered the peak of lactation (Arola et at, 1982) and the values found here, for example, in tyrosine, are related to the values found in the literature (Remesar et al, 1980 (Salvad6 and Arola, 1992a) , and amino acids were more available (Salvad6 and Arola, 1993) than when the cafeteria diet is administered alone. Conversely, higher nitrogen excretion was shown in chow-fed pups when they were force-fed glutamine (Salvad6 and Arola, 1992b), but these changes were not observed in the deeply modified nitrogen metabolism by the cafeteria diet (Salvad6 and Arola, 1992b ). The present changes observed in plasma amino-acid concentrations by glutamine supplying are dependent of the diet eaten by the pups; there are differences in handling of glutamine supplied by cafeteria-diet-fed or reference-diet-fed rats and a major effect of diet over force-feeding is postulated. However, the body-weight of pups are decreased in both diets when glutamine solution is supplied, which reinforces the statement that the mechanisms underlying the development of obesity did not run in parallel to those affecting the control of amino-acid utilization (Rafecas etal, 1993) .
On the other hand, the differences in nitrogen management caused by both diet and force-feeding may be explained by a differential control of intestinal absorption of nutrients caused by their different proportions. These changes in enteral metabolism will be translated to hepatic and overall metabolism.
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